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TITLE OF THE INVENTION 

SEMICONDUCTOR LIGHT-EMITTING DEVICE AND METHOD FOR 
MANUFACTURING THE DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present Invention relates to a semiconductor 

light-emitting device and to a method for manufacturing: 
such a device, and. in particular, to the shape of an 
envelope for enclosing the semiconductor light-emitting 
device . 

2. Description of the Prior Art 

15 A manufacturing process for a conventional 

semiconductor light-emitting device will now be explained. 

FIGs.l, Figs.2A and 2B. Figs.3A and 3B, and Figs. 4A. 
4B are diagrams illustrating this manufacturing process. 
FIG.l is a diagram showing a plurality of semiconductor 
light-emitting elements mounted on and bonded to a lead 
frame. 

FIG.2A is a view of the upper surface of an envelope 
adjusting jig. 

FIG.2B is a longitudinal cross-section viewed along 
25 the line H B - H B' in FIG.2A. 

FIG.3A is an upper surface view showing conditions 
after shape of the envelopes. FIG.3B is a longitudinal 
cross-section viewed along the line IDB-fflB' in FIG.3A. 

FIG.4A is a view of the upper surface of a completed 
conventional semiconductor light-emitting device. FIG.4B 
is a longitudinal cross-section viewed along the line IV B - 
IV B' in FIG.4A. 

In FIG.l, the reference numeral 8 designates a lead 
frame. A lead group made up of a pair of leads 9, 9' is 
35 formed at a uniform spacing in the longitudinal direction 
of the lead frame 8. For example, the uniform spacing 
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between adjacent lead groups is approximately 6 to 7 mm and 
the leads 9, 9* are made up of Fe wires. 

In FIG.2A, the reference numeral 12 designates an 
envelope adjusting jig. A plurality of cavities 13 with 
circular lateral cross-sections and almost U-shaped 
longitudinal cross-sections is positionally arranged in a 
straight line at the same spacing as the lead groups on the 
lead frame. 

First of all. as shown in Fig.l, a semiconductor 
light-emitting element 10 is mounted on the upper end of one 
of the leads 9 in each of the lead groups on the lead frame 
8. The upper surface of the semiconductor light-emitting 
element 10 and the other lead 9* are electrically connected 
by a bonding wire 11. 

Next, a light-transmitting resin such as a liquid 
mixture of epoxy resin, the leis filled into the cavities 13 
of the envelope adjusting jig 12 shown in FIGs.2A and 2B. 
then the lead groups of the lead frame 8 are inserted into 
the respective cavities 13 and the light-transmitting resin 
is thermally cured. 

As shown in FIGs.3A and 3B, the mounted section of the 
semiconductor light-emitting element 10 of the lead groups 
and the upper end section of the bonding wire 11 and the 
leads 9, 9' are sealed in an envelope 14 formed by the 
light-transmitting resin. Subsequently, as shown in 
FIGs.4A and 4B, each of the lead groups is separated from 
the lead frame 8 at the part shown by the broken lines in 
FIG.3B with a cutter to complete the semiconductor light- 
emitting device. 

Recently, there have been demands for semiconductor 
light-emitting devices with a high output. Also, it is 
commonly known that the diameter 14D of the light-emitting 
device 14 should be made as large as possible to 
successfully obtain high output. 

However, for good production efficiency in this 
manufacturing method for the conventional semiconductor 



light-emitting device, the spacing between the lead groups 
is set so that it is possible to form about 10 to 30 
semiconductor light-emitting devices using one lead frame, 
and. in addition, the diameter 13D of the envelope depends 
on the spacing of the lead groups on the lead frame. For 
this reason, there is the problem that even when it is 
desired to increase the diameter of the envelope to obtain 
high output, this diameter is limited by the spacing of the 
lead groups. In addition, when the spacing of the lead 
groups is increased to provide an envelope with a large 
diameter, the number of semiconductor light-emitting 
devices obtained from one lead frame is reduced. This 
results in the problem of poor production efficiency. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention Is. 
with due consideration to the drawbacks of such 
conventional devices, to provide a semiconductor 
light-emitting device from which high output can be 
obtained by increasing the spacing between the lead groups 
on a lead frame, and to provide a method for manufacturing 
such a semiconductor light-emitting device. 

The present invention provides a semiconductor 
light-emitting device, as one of preferred embodiments, 
formed on a same lead frame on which a plurality of 
semiconductor light-emitting devices are formed in a 
straight line at a uniform spacing, said each semiconductor 
light-emitting device comprising: 

a plurality of lead means placed in parallel; 

semiconductor light-emitting means mounted on the 
upper end of one of said leads; 

bonding wire means for electrically connecting the 
semiconductor light-emitting means and the upper end of 
another lead means with a long axis and a short axis; and 

envelope means formed from a light-transmitting resin 
for sealing said semiconductor light-emitting means, said 
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bonding wire, and the upper end of said lead, provided with 
a non-circular lateral cross-sectional surface structure, 

wherein when observed along a direction in which the 
plurality of light-emitting devices are mounted on the same 
lead frame, a curvature of the lateral direction of said 
envelope is smaller than a curvature of the vertical 
direction of said envelope. 

In the semiconductor light-emitting device above, for 
the lateral cross-section of said envelope is shaped by 
being cut one part of said envelop in a straight line along 
the direction in which the plurality of light-emitting 
devices are mounted on the same lead frame. 

In addition, the lateral cross-sectional shape of said 
envelop means is an ellipse shape in the semiconductor 
15 light-emitting device described above as a preferred 
embodiment. 

Moreover, the number of said lead means is two. and the 
number of said semiconductor light-emitting means is one in 
the semiconductor light-emitting device described above as 
20 a preferred embodiment. 

Furthermore, the number of said lead means is three, 
and the number of said semiconductor light-emitting means 
is two in the semiconductor light-emitting device described 
above as a preferred embodiment. 
25 The present invention also provides a manufacturing 

process for a semiconductor light-emitting device, as 
another preferred embodiment, formed on a plurality of lead 
frames. on each of the lead frames a plurality of 
semiconductor light-emitting devices are formed. 
30 comprising steps of: 

a process for forming the lead frame with a plurality 
of groups of side-by-side leads positioned in a straight 
line at a uniform spacing; 

a process for forming an envelope adjusting jig 
whereon cavities at a plurality of points are positioned on 
the non-circular lateral cross-sectional surface 
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structure, with a long axis and a short axis, so that when 
observed along a direction in which the plurality of light- 
emitting devices are formed on the same lead frame, a 
curvature of the lateral direction of said each envelope in 
5 the same lead frame is smaller than a curvature of the 
vertical direction of said each envelope, and the short 
axis is positioned on a straight line at a spacing which is 
the same spacing as the group of leads ; 

a process for mounting the semiconductor 
10 light-emitting element on the upper end of one lead of the 
group of leads and fbr connecting the semiconductor 
light-emitting element and the upper ends of the other 
leads of the group of leads with bonding wires; 

a process for filling the light-transmitting resin 
15 into the cavities of the envelope adjusting jig; 

a process for immersing the semiconductor 
light-emitting element, the bonding wire, and the upper end 
of the leads in the light-transmitting resin in the 
cavities and sealing this part with the light-transmitting 
20 resin; and 

a process for removing the lead frame from the 
envelope adjusting Jig and separating each group of leads 
from the lead frame. 

In the manufacturing process for a semiconductor 
25 light-emitting device described above, further comprising a 
process for offsetting the lead frames alternately at a 
suitable length only. so that the lead frames are 
respectively parallel. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features, and advantages of 
the present invention will become more apparent from the 
following description of the preferred embodiments taken in 
conjunction with the accompanying drawings, in which : 

35 FIG.l is a cross sectional diagram showing a semiconductor 
light-emitting element mounted on and bonded to a lead 
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frame in a conventional example . 

FIGs.2A and 2B are views of a conventional envelope 
adjusting jiff. Fig.2A is a view of the upper surface of the 
adjusting Ji e . Fiff.2B is a longitudinal cross section 
5 viewed along the line n B — n B ' in Fig.2A. 

FIGS.3A and 3B are diagrams showing the conditions 
after shape of the envelopes in a conventional device. 
Fig.3A is a view of the upper surface of the adjusting Jig. 
Fig.3B is a longitudinal cross section viewed along the 
10 line in B -n B' inFig.2A. 

FIGS.4A and 4B are diagrams illustrating a completed 
conventional semiconductor light-emitting device. Fig.4A 
is a view of the upper surface of the conventional 
semiconductor light-emitting device. Fig.4B is a cross 
15 sectional view of the conventional semiconductor light- 
emitting device shown in Fig.4A along the line IV B - IV B * in 
Fig.4A. 

FIG. 5 is a diagram showing a semiconductor 
light-emitting element mounted on and bonded to a lead 
20 frame . 

FIGs.6A and 6B are diagrams illustrating a first 
embodiment of an envelope adjusting Jig of the present 
invention, which is used to form the semiconductor light- 
emitting element of the present invention along the line 
25 VIB-VIB' in Fig. 6A. . 

FIG. 7 is a general diagram of a process for sealing the 
semiconductor light-emitting element, metal wiring, and the 
upper section of a lead with resin. 

FIGs.SA and 8B are diagrams showing the conditions 
after shape of the envelopes in the first embodiment of the 
present invention. Fig.SA is a view of the upper surface of 
the semiconductor light-emitting device. Fig.SB is a 
longitudinal cross section viewed along the line 
VBIB -VDB' in Fig.8A. 

FIGs.SA and 9B are diagrams illustrating a completed 
first embodiment of the semiconductor light-emitting device 
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of the present Invention. Fi ff .9A Is a view of the upper 
surface of the semiconductor light-emitting device of the 
present Invention. Fig.9B Is a cross sectional view of the 
semiconductor light-emitting: device shown In Fig.9A. 

FIGs.lOA and 10B are diagrams showing the conditions 
after shape of the envelopes in a second embodiment of the 
present invention. FIg.lOA is a view of the upper surface of 
the semiconductor light-emitting device of the second 
embodiment of the present Invention. Fig.lOB is a cross 
sectional view of the semiconductor light-emitting device 
shown in Fig.lOA along the line XB-XB' in Fig.lOA. 

FIGs.llA and 11B are diagrams showing the conditions 
after shape of the envelopes in a third embodiment of the 
present invention. Fig.llA is a view of the upper surface 
of the semiconductor light-emitting device of the third 
embodiment of the present invention. Fig.lOB is a cross 
sectional view of the semiconductor light-emitting device 
shown in Fig.llA along the line XIB-XIB' in Fig.llA. 

FIG. 12 is a view of the upper surface of a fourth 
embodiment (envelope adjusting Jig) of the present 
invention. 

FIGS.13A and 13B are diagrams showing the conditions 
after shape of the envelopes in a fourth embodiment of the 
present invention. Fig.l3A is a view of the upper surface 
of the semiconductor light-emitting device of the fourth 
embodiment of the present invention. FIg.l3B Is a cross 
sectional view of the semiconductor light-emitting device 
shown in Fig.l3A along the line xmB-xmB' in Fig.l3A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Other features of this invention will become apparent 
in the course of the following description of exemplary 
embodiments which are given for Illustration of the 
invention and are not intended to be limiting thereof. 

First of all, we will describe the features of the 
present Invention for clearly understanding. 
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The lateral cross-section of the envelope for a 
semiconductor light-emitting: device of the present 
invention has a long axis 601 and a short axis 602 and has a 
non-circular shape symmetrical around these axes 601 and 
602. as shown in Figs.6A and 6B. 

By positioning the short axis 602 so that it is 
parallel to the longitudinal direction of the lead frame 1 
shown in Figs.SA and 8B, and by positioning the long axis 
601 so that it is perpendicular to the short axis 602. it is 
possible to lengthen the long axis 601 without changing the 
spacing of the lead groups on the lead frame 1. 

It is therefore possible to provide a large area as 
compared to a circle in which the length of the short axis 
802 is the diameter, therefore the external efficiency of 
15 the light-emitting element is improved and the output of 
light emitted from the semiconductor light-emitting device 
can be increased. 

In addition, as shown in Fig. 12. by arranging lead 
frames 120 and 121 in parallel stages and offsetting these 
envelopes 126 and 127 alternately in the longitudinal 
direction, it is possible to make the long axis longer than 
the spacing "L" of the lead frames 120 and 121. thus 
increasing the light output. 

A first embodiment of the present invention will now 
25 be explained with reference to FIGs.5 to Figs.9A and 9B. 

FIG. 5 is a diagram showing a semiconductor 
light-emitting element mounted on and bonded to a lead 
frame . 

FIG.6A is a diagram showing the upper surface of a 
30 first embodiment of an envelope adjusting Jig- of the 
present invention. 

FIG.6B is a longitudinal cross-section viewed along 
the line VIB-VIB' in FIG.6A. 

FIG. 7 is a general diagram of a process for sealing the 
35 semiconductor light-emitting element, metal wiring, and the 
upper section of a lead with resin. 
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FIG.8A is a view showing the upper surface after shape 
of the envelopes in the first embodiment of the present 
invention. 

FIG.8B is a longitudinal cross-section viewed alone 
5 the line VI B- MB* in FIG.8A. 

FIG.9A is a diagram showing the upper surface of a 
completed first embodiment of the semiconductor 
light-emitting device of the present invention. FIG.9B is 
a longitudinal cross-section viewed along the line 
10 KB-KB' in FIG.9A. 

In FIG. 5, the reference numeral l designates a lead 
frame. A plurality of lead groups, each made up of a pair 
of leads 2. 2", is formed at a uniform spacing in the 
longitudinal direction of the lead frame 1. 
15 m FIG.6A, the reference numeral 5 designates an 

envelope adjusting jig. a plurality of cavities 6 with 
circular lateral cross-sections and almost U-shaped 
longitudinal cross-sections is positionally arranged in a 
straight line at the same spacing as the lead groups on the 
20 lead frame. 

In each lead group 2, 2\ as shown in Fig. 7. a concave 
section is provided in a thick section of the upper end of 
the one lead 2, and a semiconductor light-emitting element 
3 is mounted, using a conductive adhesive, on the bottom of 
25 this concave section. 

An adhesive temperature of 200*C to 300'C is used at 
this time. Then, the semiconductor light-emitting element 
3 and the upper end of the other lead 2' are electrically 
connected by a metal wire 4. 

Next, as illustrated In FIG. 7, the cavities 6 of the 
envelope adjusting jig 5 in FIGs.SA and 6B are filled with a 
light-transmitting resin (a liquid mixture of epoxy resin 
and a curing agent), the lead groups are immersed in the 
light-transmitting resin in the cavities 6 in the envelope 
adjusting Jig 5. and placed for two to some tens of hours in 
an oven maintained at 100'C to 130*C . for curing. 
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As Illustrated In FIG. 7, the semiconductor 
light-emitting element 3. the metal wire (for example. Fe 
wire) , and the upper section of the lead group are immersed 
Into the above-mentioned liquid mixture. 
5 After thermal curing, the lead groups are separated 

from the envelope adjusting jig 5, and the lead groups are 
completely cut away from the lead frame 1 at the dotted line 
in FIG.8B. 

In the above-described first embodiment of the 
10 semiconductor light-emitting device and method for 
manufacturing the device, as shown in Figs. 5 to 9A and 9B. 
the envelope is shaped as an ellipse. 

By making the length of the short axis 602 of the 
lateral cross-section of the ellipse equal to the diameter 
15 13D of the circle of the envelop shown in Fig.2A. it is 
possible to produce the same number of semiconductor 
light-emitting devices from one lead frame as in the 
conventional example. 

When comparing the output of light for the 
20 conventional example and for this embodiment, for the area 
of the lateral cross-section KB -KB' shown in Figs.9A and 
9B. the length of the short axis 902 of the ellipse, which 
is the cross-sectional shape of the envelope of this 
embodiment, and the length of the diameter 902 of the circle 
25 shown by the dotted line 903 in Fig.9A. which is the 
cross-sectional shape of the envelope 13 of the 
conventional example shown in Figs.2A and 2B . are the same, 
therefore the length of the long axis 901 of the ellipse of 
this embodiment is larger. 
30 When the cross-sectional area of the envelope is 

large. it is possible to consider the semiconductor 
light-emitting element as a point light-emitting source of 
no magnitude. 

For this reason, the light-emitting element 3 can be 
35 positioned at an optically ideal geometrical position, so 
that remarkably improved light condensing characterises 
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can be provided, and the ratio of the light passing through 
the interior of the resin which is reflected from the 
surface 97 of the light-transmitting: resin shown in Fig.9B 
is low. 

5 Accordingly, the external light-emitting efficiency 

is improved, and a semiconductor light-emitting device is 
obtained with a higher than conventional output. 

Other preferred embodiments of the present invention 
will now be explained with reference to the drawings. 
10 FIGs.lOA and 10B are diagrams showing a second 

embodiment of the present invention. 

FIGs.llA and 11B are diagrams showing a third 
embodiment of the present invention. 

Parts which are identical or which correspond to the 
15 parts in the first embodiment have been designated by the 
same reference numerals as in the first embodiment so a 
further detailed explanation has been omitted. 

Specifically, in the second embodiment shown in 
Figs.lOA and 10B, the lateral cross-sectional shape of the 
20 envelope is that of a circle of which part is cut off along 
the long axis . 

Also, in the third embodiment shown in Figs.llA and 
11B, the lateral cross-sectional shape of the envelope is 
that of an ellipse of which part is cut off along the long 
25 axis. 

The shapes of these envelopes are obtained by using 
envelope adjusting jigs with cavities provided with the 
desired cross-sectional shapes. 

The same effect is obtained in each of these two 
30 embodiments as in the first embodiment. 

A fourth embodiment of the present invention will now 
be explained with reference to FIG. 12. 

FIG. 12 is a view of the envelope adjusting jigs of 
FIGs.6A and 6B with these Jigs arranged in two rows so that 
35 the jigs in the lower row are alternately offset and 
positioned at the midpoint of the spacing of the jigs in the 
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upper row In the longitudinal direction. 

By this arrangement, the lateral cross-section is even 
longer in the long axis direction as a result of the 
displacement of the cavities in the longitudinal direction, 
and. specifically, a semiconductor light-emitting device 
with a higher output is obtained. 

In addition, even if the cross-sectional shape is 
unchanged, it is possible to pack the cavity spacing in the 
longitudinal direction so that more lead frames can be 
arranged in the same amount of space. Accordingly, the 
production efficiency can be improved. 

Fig.l3A is a view of the upper surface of the 
semiconductor light-emitting device as the fifth embodiment 
according to the present invention. 

Fig.l3B is a longitudinal cross section viewed along 
the line Xn-xniB' in Fig.l3A. 

This invention is not limited to the above 
embodiments. The present invention can be applicable to 
another semiconductor light-emitting elements. for 
example, to a semiconductor light-emitting device having 
three leads 21. 22. and 23. as shown in Figs.l3A and 13B. 

Although, each light-emitting device as the fifth 
embodiment has a pair of semiconductor light-emitting 
elements, it is also possible to obtain a semiconductor 
light-emitting device with a higher output than that of a 
conventional device without changing the number of 
semiconductor light-emitting devices obtained from one lead 
frame . 

By means of the present Invention, it is possible to 
obtain a semiconductor light-emitting device with a higher 
output than that of a conventional device without changing 
the number of semiconductor light-emitting devices obtained 
from one lead frame. 

Also, by mean of the present invention, if the output 
35 from a semiconductor light-emitting device is kept the 
same. it is possible to increase the number of 
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semiconductor light-emitting devices obtained from 
frame, therefore the production efficiency is improved 
addition the size of the jigs can be reduced. 
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